Summary: Aryldiazonium tetrafluoroborates react with allylsilanes to yield allylazo compounds. If the allylic carbon attached to the azo group carries hydrogen, tautomerization with formation of hydrazones takes place.
The coupling of aryldiazonium ions with arylamines and phenols, discovered by Griess in 1858; has been one of the most important reactions in industrial chemistry for more than a century.2 Among the aliphatic C-nucleophiles previously reported to react with diazonium ions, CHacidic compounds,3a enol enamines,3c and 1,3-dienmM are the most important ones. Marxmeier and Pfeil have found that the 2,4-dinitrobenzenediazonium ion la also reacts with ordinary alkenes, often with cleavage of the original CC double bond as shown in Scheme I. 4 Though allylsilanes have been combined with a manifold of electrophiles: reactions with diazonium ions have not yet been reported. Since the nucleophilicity of allyltrimethylsilene is similar to that of those alkenes? which are known to be susceptible to electrophilic attack by la, the electrophilicity of la should also be sufficient for a reaction with allylsilanes.
Combination of the y,y-disubstituted allylsilanes 2a-2g with 2,4dinitrobenzenediazonium tetrafluoroborate la in acetonitrile givm the a l l y h compounds 3a-3g in 38-94% yields (Table I) . ' This reaction thus provides a straightforward access to allylazo compounds, which are of interest as precursors to allyl radicals! Representatives of this class of compounds have previously been synthesized by treatment of sulfamides (from allylamines and N-sulfonylaniline) with NaOCl and NaOHQ or by sigmatropic rearrangements of diazenes, which have been generated by oxidation of N-allyl-N-arylhydrazine~.~ The reaction of methallyltrimethylsilane 2h with la BFL initially yields the crystalline allylazo compound 3h, which has been stored in the dark at -20 "C for several months.
At room temperature, rearrangement to the hydrazone 4h (4) (7) Typical Procedure. Allylsilane 2b (0.530 g, 2.67 mmol) was added to a suspension of 2,4-dinitrobenzenediazonium tetrafluoroborate (0.500 g, 1.77 mmol) in dry acetonitrile. The mixture was stirred until the diazonium salt dissolved. After addition of water, the mixture was extracted with two 10-mL portions of CH,Cl,. The organic layers were dried over CaCl, and evaporated. After purification of the residue by column chromatography (silica gel, CHzClz/pentane, 70/30) product 3b was obtained and recrystallized from pentane: Orange plates (0.340 g, 69%) , mp 55-56 ' C. oxidatively be desilylated by treatment with aryldiazonium ions. Preliminary experiments showed that among the allylsilanes used in this work all but 2i and 2j also react with the leas electrophilic pnitrobemnediazonium ion lb. The highly alkylated allylsilanes 2b and 2g even react with the unsubstituted benzenediazonium ion IC to give 3b' and 3g' in 51 and 74% yield, respectively. In accord with our previous report that allylstannanes are more nucleophilic than structurally analogous allylsilanes by several orders of magnitude,Bd tri-n-butylprenylstannane also reacted with the parent benzenediazonium ion IC to afford 49% of 3a'.
Though the correlation between reactivities toward carbenium and diazonium ions does not seem to be perfect, Table I1 shows that the nucleophilicity scale developed with respect to diarylcarbenium ionse also allows one to roughly predict the feasibility of electrophilic attack of diazonium ions at allylsilanes. . la, 345-12-0; lb, 456-27-9; IC, 369-57-3; 2a,   18293-99-7; 2b, 64545-12-6; 2c, 834386843; 2d, 63922-76-9; 2e,  138061-12-8; 2f, 138061-13-9; 2g, 138061-14-0; 2h, 18292-38-1; 2i,  762-72-1; 2j, 14579-08-9; 3a, 138061-15-1; 3a', 31928-42-4; 3b,  138061-16-2; 3b', 138061-17-3; 3c, 138061-18-4; 3d, 138061-19-5; 3e, 138061-20-8; 3f, 138061-21-9; 3g, 138061-22-0; 3#, 138061- Of the various ways to control the absolute stereochemistry of an intermolecular Diels-Alder reaction, the approach involving the use of an enantiomerically pure dienophile has proven to be most practicable.' In this paper we wish to present the synthesis and utility of the chiral dienophile (R)-l-acetyl-5-isopropoxy-3-pyrrolin-2-one (l), which in essence can be viewed as an enantiomerically pure synthetic equivalent of maleimide. The choice for the structural features present in 1 was eventually made, when we had found that other A3-pyrrolin-2-ones such as Z3 were unsuitable for our purposes. The isopropoxy function at C-5 in 1 is meant to direct l,&dienes to react at the opposite face of the molecule to give 3ae4 The significance of an alkoxy function at C-5 (1) For reviews, see: becomes apparent after removal of the N-acetyl function, as 3b is expected to allow the introduction of a variety of substituents via N-acyliminium intermediate 4. 6 The presence of the N-acetyl function in 1 is required to prevent racemization and enhance the reactivity and regiochemical bias of the dienophile? The synthesis of (R)-1 is detailed in Scheme I. (S)-3-Acetoxysuccinimide (5), readily prepared on large scale from (S)-malic acid,' was regioselectively reduced with lithium borohydride in THF at -20 OC. The crude reaction mixture was acidified with sulfuric acid. The solvent THF was then substituted for 2-propanol and the resulting mixture heated at reflux for 18 h to effect both isopropanolysis and transesterification, to give 6 as a 1:4
